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,QWURGXFWLRQ
1DWXUDOLVWLFGULYLQJ1'VWXGLHVDUHWKHVWDWHRIWKHDUWLQWUDIILFVDIHW\UHVHDUFKDQGFDQEHGHILQHGDV
VWXGLHVXQGHUWDNHQWRSURYLGHLQVLJKWLQWRGULYHUEHKDYLRXUGXULQJHYHU\GD\WULSVE\UHFRUGLQJGHWDLOVRI
WKHGULYHU WKHYHKLFOHDQGWKHVXUURXQGLQJV WKURXJKXQREWUXVLYHGDWDJDWKHULQJHTXLSPHQWDQGZLWKRXW
H[SHULPHQWDOFRQWURO9DQ6FKDJHQHWDO
,QDQ1'VWXG\YHKLFOHVDUHHTXLSSHGZLWKVHYHUDOVPDOOFDPHUDVDQGVHQVRUV)RUVHYHUDOPRQWKVWR
VHYHUDO\HDUV WKHVHGHYLFHVFRQWLQXRXVO\DQG LQFRQVSLFXRXVO\UHJLVWHUYHKLFOHPDQRHXYUHVOLNHVSHHG
DFFHOHUDWLRQGHFHOHUDWLRQ GLUHFWLRQ GULYHU EHKDYLRXU OLNH H\H KHDG DQG KDQG PDQRHXYUHV DQG
H[WHUQDOFRQGLWLRQVOLNHURDGWUDIILFDQGZHDWKHUFKDUDFWHULVWLFVGXULQJQRUPDOGULYLQJ7\SLFDOO\WKH
SDUWLFLSDWLQJYROXQWHHUGULYHUVXVHWKHLURZQFDUVLQZKLFKWKHUHFRUGLQJHTXLSPHQWLVLQVWDOOHG7KHUHLV
QRH[SHULPHQWDOFRQWURORIWKHGULYLQJVLWXDWLRQ
7KXV WKH 1' DSSURDFK DOORZV XV WR REVHUYH DQG DQDO\VH WKH LQWHUUHODWLRQVKLSV EHWZHHQ GULYHU
YHKLFOHURDGDQGRWKHUWUDIILFLQQRUPDOVLWXDWLRQVLQFRQIOLFWVLWXDWLRQVDQGLQDFWXDOFUDVKHV7KLVW\SH
RI LQIRUPDWLRQ LV QRW RQO\ XVHIXO IRU UHGXFLQJ URDG WUDQVSRUW FDVXDOWLHV EXW DOVR IRU UHGXFLQJ WKH
HQYLURQPHQWDOEXUGHQRIURDGWUDQVSRUWDQGIRUUHGXFLQJFRQJHVWLRQ
1'VWXGLHVDUHQRWOLPLWHGWRSDVVHQJHUFDUV9DQVDQGWUXFNVFDQDOVREHVWXGLHGLQDQDWXUDOLVWLFZD\
6LPLODUO\PRWRUF\FOHV FDQ DOVR EH HTXLSSHG QDWXUDOLVWLF ULGLQJ 7KH VSHFLILF SUREOHPV RI SHGHVWULDQV
DQGF\FOLVWVFDQEHVWXGLHGEDVHGRQREVHUYDWLRQVIURPWKHYHKLFOH+RZHYHUIRUVWXG\LQJWKHVHJURXSV
RIURDGXVHUVQDWXUDOLVWLFVLWHEDVHGREVHUYDWLRQVFDQEHDXVHIXODGGLWLRQ

7KHDGGHGYDOXHRIWKH1'DSSURDFK
6RIDU WKHPRVWFRPPRQPHWKRGVIRUVWXG\LQJURDGVDIHW\ZHUHVLPXODWRUVWXGLHV LQVWUXPHQWHGFDU
VWXGLHVVHOIUHSRUWVWXGLHVDQDO\VHVRIFUDVKVWDWLVWLFVDQGLQFUHDVLQJO\DOVRLQGHSWKFUDVKLQYHVWLJDWLRQ
7KHVHPHWKRGV KDYH JUHDWO\ FRQWULEXWHG WR WKH XQGHUVWDQGLQJ RI URDG XVHU EHKDYLRXU DQG RWKHU FUDVK
UHODWHGIDFWRUV+RZHYHUWKH\DOVRKDYHVHYHUDOOLPLWDWLRQV
)RU H[DPSOH UHVXOWV IURP GULYLQJ VLPXODWRU VWXGLHV PD\ QRW DOZD\V EH HDVLO\ WUDQVIHUUHG WR UHDO
WUDIILFVLQFHERWKWKHWUDIILFHQYLURQPHQWDQGWKHYHKLFOHFKDUDFWHULVWLFVDUHRQO\SUR[LHVRIUHDOLW\7KLV
LVHVSHFLDOO\WUXHLQWKHVLPSOHUVWDWLFVLPXODWRUV,QLQVWUXPHQWHGFDUVWXGLHVVXEMHFWVGULYHLQUHDOWUDIILF
EXWLQDVSHFLDOKLJKO\HTXLSSHGFDUZLWKJHQHUDOO\DQH[SHULPHQWHURQERDUG7KLVZLOOPDNHVXEMHFWV
DZDUHRI WKHIDFW WKDW WKH\DUHSDUWLFLSDWLQJLQDQH[SHULPHQWDQGWKLVPD\DIIHFWGULYLQJEHKDYLRXU,Q
ERWKVLPXODWRUVWXGLHVDQGLQVWUXPHQWHGFDUUHVHDUFKLWZLOOKDUGO\EHSRVVLEOHWRREVHUYHUHDOFUDVKHVRU
QHDU FUDVKHV 7KH UHVXOWV RI VHOIUHSRUWV PD\ EH ELDVHG E\ VRFLDOO\ GHVLUDEOH UHVSRQVHV DV ZHOO DV E\
SHUFHSWXDODQGPHPRU\OLPLWDWLRQV&UDVKGDWDLVREMHFWLYHEXWLWJHQHUDOO\LQVXIILFLHQWO\H[SODLQVKRZ
DQGZK\DFUDVKRFFXUUHG0RUHRYHUGXH WRXQGHUUHSRUWLQJ WKHGRFXPHQWDWLRQRIQRQIDWDOFUDVKHV LQ
SDUWLFXODULVIDUIURPFRPSOHWH,QGHSWKFUDVKDQDO\VHVSURYLGHYDOXDEOHDGGLWLRQDOLQIRUPDWLRQDERXWWKH
KRZ DQG ZK\ RI D FUDVK EXW EDVHG RQ LQIRUPDWLRQ FROOHFWHG DIWHU WKH FUDVK LQFOXGLQJ SRVWKRF VHOI
UHSRUWVDQGZLWQHVVUHSRUWV
&RPSDUHGWRWKHVHWUDGLWLRQDOURDGVDIHW\UHVHDUFKPHWKRGV1'KDVPDQ\DGYDQWDJHV)LUVWLWRIIHUV
PXFKZLGHUSHUVSHFWLYHVLQXQGHUVWDQGLQJQRUPDOWUDIILFEHKDYLRXULQQRUPDOHYHU\GD\WUDIILFVLWXDWLRQV
3DUWLFLSDQWV DUH QRW LQYROYHG LQ DQ H[SHULPHQW WKHUH LV QR H[SHULPHQWHU SUHVHQW WKHUH DUH QR
H[SHULPHQWDO LQWHUYHQWLRQV RU DLPV WKDW SDUWLFLSDQWV FDQ JXHVV DQG DFW IRU )XUWKHUPRUH WKHUH LV WKH
SRVVLELOLW\WRREVHUYHFRQIOLFWVQHDUFUDVKHVRUHYHQDFWXDOFUDVKHVLQUHDOWLPHZLWKRXWSRWHQWLDOELDVHV
RISRVWKRFUHSRUWV,WPXVWKRZHYHUEHUHDOLVHGWKDWWKHVHHVVHQWLDOIHDWXUHVRIWKH1'DSSURDFKDWWKH
VDPH WLPH FRQWDLQ D OLPLWDWLRQ 7KH FRPSOHWH DEVHQFH RI H[SHULPHQWDO FRQWURO PHDQV WKDW 1' GDWD
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SURYLGHV LQIRUPDWLRQ DERXW FRUUHODWLRQV EHWZHHQ SDUWLFXODU YDULDEOHV DQG URDG XVHU EHKDYLRXU EXW QRW
DERXWXQDPELJXRXVFDXVDOUHODWLRQVKLSV

3UHYLRXV1'VWXGLHV
$UHYLHZRIWKHOLWHUDWXUHVKRZVWKDWWKHYDVWPDMRULW\RI1'UHVHDUFKSHUIRUPHGVRIDUKDVIRFXVHG
RQURDGVDIHW\1RQVDIHW\UHODWHGWUDQVSRUWWRSLFVVXFKDVHFRGULYLQJDQGFRQJHVWLRQKDYHEHHQVWXGLHG
FRQVLGHUDEO\OHVVIUHTXHQWO\7RSLFVWKDWKDYHUHFHLYHGSDUWLFXODUDWWHQWLRQZHUHGLVWUDFWLRQDQGIDWLJXH
DVZHOODVWKHDSSOLHGXVHRIQDWXUDOLVWLFGULYLQJGDWDHJLQGULYHUWUDLQLQJ7KHXVHDQGVDIHW\HIIHFWV
RI LQYHKLFOH LQIRUPDWLRQ V\VWHPV DQG LQYHKLFOHZDUQLQJ V\VWHPV DUHJHQHUDOO\ WKH IRFXVRIZKDW DUH
FDOOHG )LHOG 2SHUDWLRQDO 7HVWV )27V DQG WKHVH WHQG WR DSSO\ 1'OLNH PHWKRGV ([DPSOHV RI ODUJH
(XURSHDQ)27VWXGLHVDUH(XUR)27KWWSZZZHXURIRWLSHXIRFXVLQJRQDFWLYHVDIHW\V\VWHPVDQG
7HOH)27KWWSZZZWHOHIRWHXVWXG\LQJWKHHIIHFWVRIQRPDGLFGHYLFHV
,PSRUWDQWFRQFHSWXDODQGPHWKRGRORJLFDODGYDQFHVZLWKLQ WKH)27DUHDZKLFKDUHDOVRUHOHYDQW WR
1' VWXGLHV KDYH EHHQ PDGH ZLWKLQ WKH (8 WK )3 SURMHFW )(67$ µ)LHOG RSHUDWLRQDO WHVW VXSSRUW
DFWLRQ¶7KHPDLQ UHFRPPHQGDWLRQV IURP)(67$DUH VXPPDULVHG LQ WKH)(67$+DQGERRN )(67$
&RQVRUWLXP$VSDUWRIWKH)271HWSURMHFWKWWSZZZIRWQHWHXWKHKDQGERRNKDVUHFHQWO\
EHHQXSGDWHGSDUWO\WRPDNHLWDOVRPRUHDSSOLFDEOHWRW\SLFDO1'VWXGLHVLQDGGLWLRQWR)27V
$EUHDNWKURXJKLQ1'UHVHDUFKZDVPDGHLQWKHHDUO\VE\D86VWXG\WKDWKDVEHFRPHNQRZQ
DVWKHFDUVWXG\'LQJXVHWDO7KLVKDVEHHQIROORZHGE\RWKHUVLPLODUVWXGLHVPRVWO\LQWKH
86HJ2OVRQHWDO+LFNPDQHWDO$OVRLQ(XURSHVHYHUDO1'DFWLYLWLHVDUHJRLQJRQ
IRFXVHG RQ D SDUWLFXODU DVSHFW RI URDG WUDIILF HJ ZLWKLQ WKH SURMHFWV ,17(5$&7,21 DERXW GULYHU
LQWHUDFWLRQZLWK QDYLJDWLRQ V\VWHPV DQGPRELOH SKRQHV KWWSLQWHUDFWLRQISHX %(6$)( DERXW
PRWRUF\FOH VDIHW\ KWWSZZZEHVDIHHX DQG 'D&R7$ DERXW WKH IHDVLELOLW\ RI XVLQJ WKH 1'
DSSURDFKIRUPRQLWRULQJVDIHW\SHUIRUPDQFHLQGLFDWRUVDQGH[SRVXUHKWWSZZZGDFRWDSURMHFWHX
5HFHQWO\DQHZODUJHVFDOHVWXG\VWDUWHGZLWKLQ WKH866WUDWHJLF+LJKZD\5HVHDUFK3URJUDPPH
6+53 LQYROYLQJ D VDPSOH RI DV PDQ\ DV  FDUV ZLWK KLJKO\ DGYDQFHG UHFRUGLQJ HTXLSPHQW
KWWSZZZWUERUJ6+53VDIHW\

7KH352/2*8(SURMHFW
352/2*8(µ352PRWLQJUHDO/LIH2EVHUYDWLRQVIRU*DLQLQJ8QGHUVWDQGLQJRIURDGXVHUEHKDYLRXU
LQ(XURSH¶ZDVDQRWKHU1'UHODWHGSURMHFW352/2*8(UDQEHWZHHQDQGDQGDVVHVVHGWKH
IHDVLELOLW\ DQG XVHIXOQHVV RI D ODUJHVFDOH QDWXUDOLVWLF GULYLQJ VWXG\ LQ (XURSH DQG IRUPXODWHG
UHFRPPHQGDWLRQVIRUVXFKDODUJHVFDOHVWXG\KWWSZZZSURORJXHHXHX
7KH352/2*8( FRQVRUWLXP FRQGXFWHG YDULRXV DFWLYLWLHV VXFK DV OLWHUDWXUH UHYLHZV DQG DQDO\VHV
DQG TXHVWLRQQDLUHV DV ZHOO DV VRPH VPDOOVFDOHG ILHOG WULDOV *HWWLQJ WKH VXSSRUW DQG LQYROYHPHQW RI
SRWHQWLDO VWDNHKROGHUV ZDV D YHU\ LPSRUWDQW JRDO RI WKH SURMHFW 7KHUHIRUH D ZLGH YDULHW\ RI
GLVVHPLQDWLRQDFWLYLWLHVWRRNSODFHLQFOXGLQJWZRLQWHUQDWLRQDODQGVL[UHJLRQDOZRUNVKRSV


352/2*8(
VVPDOOVFDOHILHOGWULDOV

:LWKLQ352/2*8(ILYHVPDOOVFDOHILHOGWULDOVZHUHFRQGXFWHG%DFNHU*U¡QGDKOHWDO2QH
RIWKHSXUSRVHVRIWKHWULDOVZDVWRJHWDEHWWHUIHHOLQJRIWKHWHFKQRORJLFDODVSHFWVRI1'UHVHDUFKDQG
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WKHVWUHQJWKVDQGZHDNQHVVHVRIYDULRXVDSSURDFKHV$QRWKHUDLPZDVWRJLYHDQLPSUHVVLRQRIWKHZLGH
UDQJHRIDSSOLFDWLRQDUHDVRI1'UHVHDUFK)RUWKLVUHDVRQWKHILYHWULDOVGLIIHUHGVXEVWDQWLDOO\ZLWKUHJDUG
WR WHFKQRORJLFDO DVSHFWV VXFK DV W\SH RI HTXLSPHQWPHWKRGRORJ\ DQDO\VLVPHWKRGV HWF 6RPH RI WKH
WULDOVDSSOLHGDQHQWLUHO\QDWXUDOLVWLFDSSURDFKLHMXVWKDYLQJWKHSDUWLFLSDQWVGULYHIRUDSHULRGRIWLPH
DQGVXEVHTXHQWO\DQDO\VLQJWKHGDWDRWKHUILHOGWULDOVIRFXVHGRQ1'UHVHDUFKDQG1'GDWDDVDWRROWR
HYDOXDWHDSDUWLFXODULQWHUYHQWLRQHJJLYLQJYLGHRIHHGEDFNWROHDUQHUGULYHUVRUPRQLWRULQJWKHXVHDQG
HIIHFWVRILQYHKLFOHV\VWHPV7KLVODWWHUDSSOLFDWLRQLVYHU\VLPLODUWRDQ)27ZLWKDQ1'DSSURDFK


5HVHDUFKTXHVWLRQV

1'UHVHDUFKFDQKHOSWRDQVZHUDYHU\EURDGUDQJHRIUHVHDUFKTXHVWLRQV$VSDUWRIWKH866+53
VWXG\ D FRPSUHKHQVLYH OLVW RI UHVHDUFK TXHVWLRQV IRU DQ1' VWXG\ZDV GHYHORSHGZKLFK FRQVLVWHG RI
PRUHWKDQTXHVWLRQV:LWKWKLVOLVWDVDUHIHUHQFH352/2*8(WRRNDVRPHZKDWGLIIHUHQWDSSURDFK
WRLGHQWLI\WKHSRWHQWLDOUHVHDUFKTXHVWLRQV6DJEHUJ	%DFNHU*U¡QGDKO7KHUHVHDUFKTXHVWLRQV
ZHUHGHILQHGLQFRPELQDWLRQVRI

(LJKWFDWHJRULHVRIGULYLQJEHKDYLRXUDQGGULYHUVWDWHV
D 'LVWUDFWLRQDQGLQDWWHQWLRQ
E )DWLJXHVOHHSLQHVVDQGRWKHULPSDLUPHQWV
F 'HFLVLRQPDNLQJGULYLQJHUURUVGULYLQJVW\OHDQGJHQHUDOGULYLQJSHUIRUPDQFH
G /DQHFKDQJHDQGODQHSRVLWLRQ
H 6SHHGDQGDFFHOHUDWLRQ
I *DSDFFHSWDQFH
J $JJUHVVLYHGULYLQJ
K /HDUQLQJ

)RXUFRQGLWLRQVXQGHUZKLFKGULYLQJEHKDYLRXUPD\EHREVHUYHG
D 'ULYHUEDFNJURXQGIDFWRUVDQGWULSFKDUDFWHULVWLFV
E 5RDGV\VWHPURDGHQYLURQPHQWDQGDPELHQWFRQGLWLRQV
F 9HKLFOHGHVLJQHTXLSPHQWDQGFRQGLWLRQ
G 7UDIILFYROXPHDQGFRPSRVLWLRQ±LQWHUDFWLRQZLWKRWKHUURDGXVHUV 

7KLV UHVXOWHG LQ D WZR GLPHQVLRQDO PDWUL[ RI  FHOOV WKDW FDQ EH XVHG DV D IUDPH IRU VWUXFWXULQJ
UHVHDUFKWRSLFVLQDJHQHUDOZD\DQGKHQFHIRUVSHFLI\LQJDQGSULRULWL]LQJWKHUHVHDUFKTXHVWLRQV)LJ
7KHVSHFLILFUHVHDUFKTXHVWLRQVDUHVXSSRVHGWRFRPSULVHREVHUYLQJGULYHUEHKDYLRXUQRWRQO\LQUHODWLRQ
WR URDG VDIHW\ EXW DOVR LQ UHODWLRQ WR WUDIILF PDQDJHPHQW DQG HQYLURQPHQWDOO\ IULHQGO\ GULYLQJ HFR
GULYLQJ





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6,78$7,21

%(+$9,285
'ULYHUEDFNJURXQGWULS
FKDUDFWHULVWLFV
5RDGV\VWHPHQYLURQPHQW
DPELHQWFRQGWLRQV HWF
'LVWUDFWLRQDQG
LQDWWHQWLRQ
+RZRIWHQDUH\RXQJGULYHUV
HQJDJHGLQGLVWUDFWLYHDFWLYLWLHV"
+RZRIWHQDUHGULYHUVRIOHDVH
FDUVGLVWUDFWHG"
HWF
,VWKHSUHYDOHQFHRIH[WHUQDO
GLVWUDFWLRQUHODWHGWRURDG
HQYLURQPHQW"
'RHVWKHSUHVHQFHRI
SDVVHQJHUVOHDGWRGLVWUDFWLRQ"
HWF

)DWLJXHVOHHSLQHVV
RWKHULPSDLUPHQW
+RZRIWHQDQGXQGHUZKDW
FLUFXPVWDQFHVGRGULYHUVGULYH
ZKLOHIDWLJXHG"
HWF
,VIDOOLQJDVOHHSZKLOHGULYLQJ
PRUHOLNHO\RQPRQRWRQRXV
URDGV"
HWF

'HFLVLRQPDNLQJGULYLQJ
HUURUVVW\OHSHUIRUPDQFH
:KDWLVWKHUROHRILQDWWHQWLRQLQ
LQWHUVHFWLRQHUURUVRUFRQIOLFWV"
HWF
$UHGULYHUVOHVVOLNHO\WRSDVV
ZLWKFHQWUHOLQHUXPEOHVWULSV"
HWF

HWF   
)LJ([FHUSWRIWKH352/2*8(1'UHVHDUFKWRSLFPDWUL[

3RWHQWLDOXVHUVDQGWKHLULQWHUHVWV

$VDVWDUWLQJSRLQW352/2*8(FRQVLGHUHG1'UHVHDUFKSRWHQWLDOO\LQWHUHVWLQJIRUDZLGHYDULHW\RI
WUDQVSRUWUHODWHG SURIHVVLRQDOV LQFOXGLQJ QRW RQO\ URDG WUDQVSRUW UHVHDUFKHUV EXW DOVR FDU LQGXVWU\
LQVXUDQFH FRPSDQLHV GULYHU WUDLQLQJ DQG FHUWLILFDWLRQ RUJDQLVDWLRQV SROLFH URDG DXWKRULWLHV DQG
SROLF\PDNHUV7RJHWDEHWWHUIHHOLQJRIWKHH[DFWLQWHUHVWVRIWKHVHVWDNHKROGHUVD8VHU)RUXPZDVVHW
XS DQG WZR LQWHUQDWLRQDO DQG VL[QDWLRQDOUHJLRQDOZRUNVKRSVZHUHRUJDQL]HG ,Q DGGLWLRQ WZR VPDOO
VFDOH VXUYH\V ZHUH SHUIRUPHG RQH DPRQJ WKH 8VHU )RUXP PHPEHUV DQG DQRWKHU DPRQJ ZRUNVKRS
SDUWLFLSDQWV
,Q JHQHUDO WKH ZRUNVKRSV DQG WKH VXUYH\V GHPRQVWUDWHG WKDW WKHUH LV LQGHHG PXFK LQWHUHVW LQ 1'
UHVHDUFK DQG LWV SRWHQWLDO WR FRQWULEXWH WR QHZ LPSRUWDQW NQRZOHGJH 7KH SRWHQWLDO XVHUV RI 1'
NQRZOHGJHDSSHDUHGWREHPDLQO\LQWHUHVWHGLQURDGVDIHW\WRSLFVDQGPRUHVSHFLILFDOO\LQULVNWDNLQJ
EHKDYLRXU SUHFUDVK EHKDYLRXU FUDVK DYRLGDQFH EHKDYLRXU DQG GULYHU FRQGLWLRQV 9DQ6FKDJHQ HW DO
(LFKKRUQ	9DQ6FKDJHQ,WPXVWEHQRWHGKRZHYHUWKDWWKHVDPSOHVZHUHVWURQJO\ELDVHG
WRZDUGVUHVSRQGHQWVZKRZHUHLQYROYHGLQURDGVDIHW\ZRUN:KHUHDVXQWLOQRZ1'UHVHDUFKKDVDOPRVW
H[FOXVLYHO\IRFXVHGRQSDVVHQJHUFDUVDQGWUXFNVLWZDVVWUHVVHGUHSHDWHGO\WKDW1'UHVHDUFKZRXOGDOVR
QHHGWRIRFXVRQWKHVDIHW\RISHGHVWULDQVDQGF\FOLVWVDVZHOODVRQWKHVDIHW\RISRZHUHGWZRZKHHOHUV
&RQFHUQLQJWKHHQYLURQPHQWDODVSHFWRIURDGWUDQVSRUWWKHUHZDVDQLQWHUHVWLQXVLQJ1'GDWDWRVWXG\
WKH UHODWLRQVKLS EHWZHHQ RQ WKH RQH KDQG WKH JHQHUDO FKDUDFWHULVWLFV RI GLIIHUHQW YHKLFOH W\SHV LQ
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GLIIHUHQWGULYLQJFRQGLWLRQVRSHUDWHGE\SHRSOHZLWKGLIIHUHQWGULYLQJVW\OHVDQGRQWKHRWKHUKDQGWKH
H[KDXVWHPLVVLRQVDQGIXHOFRQVXPSWLRQ

7HFKQLFDOUHTXLUHPHQWV
7KH1'DSSURDFKKDVEHFRPHSRVVLEOHWKDQNVWRWHFKQRORJLFDOGHYHORSPHQWVLQGDWDFROOHFWLRQGDWD
VWRUDJHFDSDFLWLHVGDWDPLQLQJDQGLPDJHSURFHVVLQJZLWKWRROVWKDWEHFRPHLQFUHDVLQJO\VPDOOHUOHVV
REWUXVLYHDQGOHVVH[SHQVLYH$WWKHVDPHWLPHWKHPDQ\WHFKQLFDORSWLRQVUHTXLUHFDUHIXOFRQVLGHUDWLRQ
WRGHFLGHRQWKHPRVWVXLWDEOHDQGUHOLDEOHGDWDDFTXLVLWLRQV\VWHP'$6DQGGDWDKDQGOLQJSURFHGXUHV
WR HQVXUH VXFFHVVIXO RXWSXWV:LWKLQ 352/2*8( YDULRXV DVSHFWV RI WKH WHFKQLFDO UHTXLUHPHQWVZHUH
VWXGLHG :HOVK HW DO 7KH H[SHULHQFHV RI(XURSHDQ)27V DQG WKH1' H[SHULHQFHV LQ WKH86
ZHUHLPSRUWDQWVRXUFHVRILQIRUPDWLRQ
7KRXJK VRPH EDVLF GDWD FDQ EH JDWKHUHG E\ UHODWLYHO\ VLPSOH HTXLSPHQW VXFK DV SURYLGHG E\ WKH
&$1EXV RU D 6PDUWSKRQH W\SH RI DSSDUDWXV IRU PDQ\ UHVHDUFK TXHVWLRQV YLGHR GDWD LV LQ IDFW
LQGLVSHQVDEOH LQ SDUWLFXODU IRU UHFRUGLQJ WKH URDG DQG WUDIILF VLWXDWLRQ LQ IURQW RI WKH FDU DQG RI WKH
GULYHU ,Q PDQ\ LQVWDQFHV DGGLWLRQDO YLGHR GDWD RI WKH UHDU DQG WKH VLGH RI WKH FDU ZRXOG EH RI
FRQVLGHUDEOH DVVLVWDQFH LQ WKH LQWHUSUHWDWLRQ RI IRU H[DPSOH FULWLFDO HYHQWV RU QHDUFUDVKHV )RU YHU\
VSHFLILFTXHVWLRQVPDLQO\WKRVHUHODWHGWRGLVWUDFWLRQDQGLQDWWHQWLRQDGGLWLRQDOH\HWUDFNLQJHTXLSPHQW
ZRXOGEHQHHGHG
6XEVHTXHQWO\ ULJRURXV GDWD XSORDGLQJ DQG EDFNXS SURFHGXUHV DUH HVVHQWLDO WRPLQLPLVH GDWD ORVV
7KLVDOVRLQFOXGHVGDWDYHULILFDWLRQDQGYDOLGDWLRQ&DUHIXOFRQVLGHUDWLRQVKRXOGEHJLYHQWRWKHVWRUDJH
FDSDFLW\RIWKHGDWDEDVHLQDGYDQFHWRHQVXUHWKDWDOOUHOHYDQWGDWDFDQEHVWRUHGWKURXJKRXWWKHFRXUVHRI
WKHVWXG\)RUH[DPSOHWKHODUJHVFDOH6+531'VWXG\LQWKH86LVH[SHFWHGWRUHVXOWLQSHWDE\WHRI
GDWDLHRQHPLOOLRQJLJDE\WHV7KHUHIRUHVRPHVRUWRIDXWRPDWHGSURFHGXUHIRUDQDO\VLQJWKHGDWDDQG
IRULGHQWLI\LQJLPSRUWDQWHYHQWVLQWKHGDWDLVHVVHQWLDOPLQLPL]LQJWKHULVNRIERWKIDOVHSRVLWLYHVDQG
IDOVHQHJDWLYHV

,GHQWLILFDWLRQRIVDIHW\FULWLFDOHYHQWVDQGHVWLPDWLRQRIFUDVKULVN
7KH XOWLPDWH JRDO RI 1' UHVHDUFK DV IDU DV URDG VDIHW\ LV FRQFHUQHG LV WR VWXG\ FUDVKUHOHYDQW
EHKDYLRXU6LQFHFUDVKHVDUHLQIUHTXHQWEXWLQFLGHQWVDQGQHDUFUDVKHVDUHUDWKHUFRPPRQ1'UHVHDUFK
DOVRQHHGVWRIRFXVRQWKHODWWHURIWKHVHHYHQWV+RZHYHUEHKDYLRXULQDQLQFLGHQWRUQHDUFUDVKLVQRW
QHFHVVDULO\ UHSUHVHQWDWLYH RI EHKDYLRXU UHVXOWLQJ LQ D FUDVK7KHUHIRUH RQH RI WKH EHQHILWV RI D ODUJH
VFDOH VWXG\ LV WKDW LW ZLOO QHFHVVDULO\ LQFOXGH VRPH FUDVKHV DV ZHOO WKHUHE\ HQDEOLQJ FRPSDULVRQ RI
EHKDYLRXULQFUDVKHVZLWKEHKDYLRXULQQHDUFUDVKHVDQGLQFLGHQWV7KLVZLOO LPSURYHNQRZOHGJHDERXW
WKHPRVWUHOHYDQWVXUURJDWHPHDVXUHVIRUFUDVKHVWKDWFDQEHXVHGLQRWKHUVWXGLHV6DJEHUJHWDO
$QLPSRUWDQWFKDOOHQJHLV WRLGHQWLI\WKHVDIHW\FULWLFDOHYHQWVLQFLGHQWVDQGQHDUFUDVKHVWKDWPD\
EH UHOHYDQW FUDVK VXUURJDWH PHDVXUHV 7\SLFDOO\ LQ DQ 1' VWXG\ HYHQWV FUDVKHV QHDUFUDVKHV DQG
FULWLFDO LQFLGHQWV DUH LGHQWLILHG E\ PHDQV RI TXDQWLWDWLYH NLQHPDWLF WULJJHUV WKDW FDQ EH DQDO\VHG LQ
GHWDLO6XEVHTXHQWO\ D WLPHVORWRIZKDWKDSSHQHGEHIRUHGXULQJDQGDIWHU VXFKHYHQWV LV DQDO\VHG LQ
GHWDLO VR WKDW WKH SUHVHQFH RI SRVVLEOH FRQWULEXWLQJ IDFWRUV HJ GLVWUDFWLRQ FDQ EH LGHQWLILHG 7KH
WULJJHULQJDOJRULWKPVDQG WULJJHULQJFULWHULDDUHFULWLFDO IRU LGHQWLI\LQJ WKH UHOHYDQWHYHQWV DQG IXUWKHU
UHVHDUFK LV QHFHVVDU\ WR GHYHORS DQG WHVW GLIIHUHQW FULWHULD DQG DOJRULWKPV$ SDUWLFXODU SUREOHP LV WR
GHWHFW VDIHW\FULWLFDO HYHQWV WKDW GR QRW LPSO\ DQ\ NLQHPDWLF FKDQJHV HJ D FORVH HQFRXQWHU ZKHUH D
FUDVKZDVDYRLGHGE\DFWLRQVRIDQRWKHUURDGXVHUDQGZKHUHWKH1'REVHUYHGGULYHUGLGQRWSHUIRUP
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DQ\EUDNLQJRUDYRLGDQFHPDQRHXYUH,QSULQFLSOHVXFKHYHQWVFDQEHGHWHFWHGE\YLGHRDQDO\VLVEXWLQ
RUGHU WR UHGXFH WLPHFRVWV IRUYLGHRYLHZLQJDQGFRGLQJ VRPHDXWRPDWLFHYHQW LGHQWLILFDWLRQDLGVDUH
GHVLUDEOH
2QFH WKHVDIHW\FULWLFDOHYHQWVDUH LGHQWLILHG WKHQH[WVWHS LV WRGHWHUPLQH WKHULVNVDVVRFLDWHGZLWK
YDULRXVEHKDYLRXUVWKDWZHUHSUHVHQWLQWKHHYHQW)RUWKLVSXUSRVHWKHUHDUHWZREDVLFW\SHVRIGDWDWKDW
DUHSURYLGHGYHU\HIIHFWLYHO\E\WKH1'DSSURDFK)LUVWWKHPHWKRGLVYHU\XVHIXOIRUSURYLGLQJGDWDRQ
H[SRVXUH RUSUHYDOHQFH RI WKH YDULRXV ULVNUHODWHG EHKDYLRXUV WKDW DUH REVHUYHG7KLV LQIRUPDWLRQ LV
GLIILFXOWWRFROOHFWZLWKPRUHWUDGLWLRQDOUHVHDUFKPHWKRGV:LWKWKH1'DSSURDFKLWLVSRVVLEOHWRWDNH
UDQGRP EDVHOLQH VDPSOHV RI GULYLQJ DQG UHFRUG WKH SURSRUWLRQ RI WKH WLPH ZKHUH D JLYHQ EHKDYLRXU
RFFXUVHJSKRQLQJWDONLQJZLWKSDVVHQJHUVVSHHGLQJRUDQ\RWKHUEHKDYLRXUWKDWFDQEHREVHUYHG
7KH VHFRQG W\SH RI GDWD LV ULVN HVWLPDWHV /DUJHVFDOH 1' VWXGLHV LQYROYLQJ VHYHUDO PLOOLRQV RI
YHKLFOHNLORPHWUHVZLOOQHFHVVDULO\ LQFOXGHVRPHFUDVKHVSULPDULO\3'2FUDVKHVVLQFH LQMXU\FUDVKHV
DUH UDUH DQG D ORW RI QHDUPLVV LQFLGHQWV %\ FRXQWLQJ WKH RFFXUUHQFHV RI SRWHQWLDO ULVNUHODWHG
EHKDYLRXUVDWWKHWLPHRIWKHFUDVKRULQFLGHQWDQGFRPSDULQJWKHIUHTXHQFLHVZLWKWKHSUHYDOHQFHGXULQJ
EDVHOLQHGULYLQJUHODWLYHULVNFDQEHHVWLPDWHGZLWK IDUEHWWHUDFFXUDF\ WKDQZLWKDOWHUQDWLYHPHWKRGV
1'HYHQPDNHV LWSRVVLEOH WRHVWLPDWH WKHULVN IRUFHUWDLQ IDFWRUV IRUZKLFKQRSUHYLRXVHVWLPDWHVDUH
DYDLODEOH 6XEVHTXHQWO\ WKH ULVNUHODWHG EHKDYLRXUV LGHQWLILHG IURP 1' GDWD FDQ EH XVHG DV FUDVK
VXUURJDWHPHDVXUHVLQVPDOOHU1'DQG)27VWXGLHV7KLVW\SHRIULVNHVWLPDWHVFDQEHREWDLQHGQRWRQO\
IRU GULYHU EHKDYLRXUV EXW DOVR IRU YDULRXV URDG DQG WUDIILF FRQGLWLRQV HJ ELOOERDUGV IRJ DQG YLHZ
REVWUXFWLRQV
:KHUHDVWKHFRQFHSWRIFUDVKULVN LVXVXDOO\XVHGWRLQGLFDWHLQGLYLGXDOULVN LQWHUPVRIFUDVKHVSHU
XQLW RI H[SRVXUH D GLIIHUHQW FRQFHSW FDSWXULQJ WKH VRFLHWDO LPSDFW RI D ULVN IDFWRU LV SRSXODWLRQ
DWWULEXWDEOHULVN3$5%ULHIO\H[SODLQHG3$5LVDQHVWLPDWHRIKRZPXFKWKHH[FHVVLYHULVNDVVRFLDWHG
ZLWKDFHUWDLQIDFWRUFRQWULEXWHVWRWKHDJJUHJDWHGQXPEHURIFUDVKHVLQDMXULVGLFWLRQ,QRWKHUZRUGVLW
HVWLPDWHVWKHK\SRWKHWLFDOUHGXFWLRQLQWKHQXPEHURIFUDVKHVWKDWZRXOGEHREWDLQHGLIWKHUHODWLYHULVN
RI D FHUWDLQ IDFWRU KDG EHHQ UHGXFHG WR  7KH 3$5 LV D IXQFWLRQ RI ERWK WKH UHODWLYH ULVN DQG WKH
SUHYDOHQFHH[SRVXUHRIWKHIDFWRULQTXHVWLRQDQGLWLVLPSRUWDQWIRUDVVHVVPHQWRIWKHSRVVLEOHHIIHFWV
RI FRXQWHUPHDVXUHV LQ WHUPV RI UHGXFWLRQ LQ WKH QXPEHU RI FUDVKHV1' VWXGLHV DUH SDUWLFXODUO\ZHOO
VXLWHG IRU HVWLPDWLQJ 3$5 EHFDXVH WKH\ HQDEOH HVWLPDWHV RI ERWK SUHYDOHQFH DQG UHODWLYH FUDVK ULVN
6DJEHUJHWDO

0HWKRGRORJLFDODQGOHJDOFRQVLGHUDWLRQV
:KHQ FRQGXFWLQJ DQ1' VWXG\ WKHUH DUH DOVR YDULRXV PHWKRGRORJLFDO FRQVLGHUDWLRQV WKDW PXVW EH
PDGHLQRUGHUWRHQVXUHWKDWLWLVDVFLHQWLILFDOO\VRXQGVWXG\UHVXOWLQJLQUHOLDEOHDQGYDOLGFRQFOXVLRQV
,PSRUWDQW WRSLFV WRFRQVLGHUDUH WKHVHOHFWLRQRIVXEMHFWV WKHGHILQLWLRQRIYDULDEOHVVWXG\GHVLJQDQG
GDWDDQDO\VLV*URHQHZRXGHWDO7KHH[DFWUHVHDUFKTXHVWLRQVGHWHUPLQHWKHGHVLUDEOHVHOHFWLRQ
RIWKHSDUWLFLSDQWVWKHYHKLFOHVLQFOXGHGDQGWKHYDULDEOHVVWXGLHG,QFDVHRIDQRYHUDOOGDWDFROOHFWLRQ
HIIRUWWKHSDUWLFLSDQWVPXVWUHSUHVHQWWKHJHQHUDOGULYHUSRSXODWLRQDQGWKHPRVWSRSXODUYHKLFOHVPXVW
EH LQFOXGHG $V SDUWLFLSDWLQJ LQ DQ 1' VWXG\ LV YROXQWDU\ WKHUH LV D SRWHQWLDO 
VHOIVHOHFWLRQ
 ELDV
5HJDUGLQJYHKLFOHVHOHFWLRQLWLVLPSRUWDQWWRUHDOL]HWKDWQHZHUFDUVKDYHPRUHRUGLIIHUHQWLQIRUPDWLRQ
DYDLODEOHWKURXJK&$1EXVRU2%'WKDQROGHUFDUV
/HJDO DQG HWKLFDO LVVXHV QHHG WR EH FRQVLGHUHG UHODWLQJ WR IRU H[DPSOH REWDLQLQJ WKH UHTXLUHG
SHUPLVVLRQVHQVXULQJ WKDW WKHYHKLFOHVDUHVDIH WRRSHUDWHRQSXEOLF URDGVJRLQJ WKURXJKDQ\UHTXLUHG
HWKLFDO DQG KXPDQ VXEMHFW UHYLHZ SURFHGXUHV JHWWLQJ SDUWLFLSDQWV¶ LQIRUPHG FRQVHQW FRPSO\LQJ ZLWK
GDWD SURWHFWLRQ DQG SULYDF\ ODZV LQVXULQJ WKH YHKLFOHV DQG LQVXULQJ WKH SURMHFW ZRUNHUV IRU OLDELOLW\
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*URHQHZRXGHWDO7KHUHIRUHLWLVZLVHWRREWDLQOHJDODGYLFHDWDQHDUO\VWDJHRIWKHSURMHFW,Q
WKLVUHVSHFWLWPXVWEHQRWLFHGWKDWUHJXODWLRQVDQGODZVYDU\IURPFRXQWU\WRFRXQWU\)XUWKHUPRUHLWLV
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